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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
device equipped witli a metal interconnect line which is 
markedly improved in electromigration resistance or 
stress migration resistance. 

SOLUTION: A copper interconnect line 107 is composed 
of a silicon low-concentration region 104 and a silicon 

solid solution 1 06 provided on the silicon low- / 1 

concentration region 104. The silicon solid solution layer 
106 has a structure in which silicon is arranged as an 
interstitial element or a substitutional element in a 
copper crystal structure forming the copper 
interconnect line 107. Silicon-containing copper forming 
the silicon solid solution 106 is kept in a state in which 
silicon is introduced as an interstitial element or a 
substitutional element whi|e the silicon-containing 
copper maintains a copper crystal structure (face- 
centered cubic lattice;lattice constant 3.6&angst;). 
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VDffilCiOlOOnm^^-rSo ^O^. SiO2ll204i:L-Ox^2G3:&F^ 
^ X ^ > L T, ^ 1 ?«iB^/'^ ^Sf - > 2 0 7 ^Jgfig-r 5 o 
[0050]- 

. F 7 X -y ^ > tt j; 13 X 7 ^ > ^ X h <y - ^ T' 5 S i C N M 2 0 2 X <y 
/^>y^^fTV^. T**#i**?^©©aM/&WP L. x>y ^>^^S?lltS(Dfci6(D'i7x <y 
hWai^fifl'V lg 1 SES-'^^-^ 2 0 7 ^fgfigf 5c . U 7 ^ ^ ;l/ L T T a / 
TaNM208;&30nmX/'?-y^rU>^}S{Cj;f3fi!cML. 0-:3V^T. Ta/TaNK2 

0 8 0±{e: C u M 2 0 9 ^Mff 1 0 0 n m T' X >y ^ U >^'ffitc .fc ^^1" §o 20 

>y <fcD C uM2 0 9^7 0 0 nmfigHL.^ 1 ?iEiS^^^f->2 0 7^*46 

ii/uT'*^ e . •^B^B{b<Dfci6lc N 2 »HMT 4 GO 3 0 ^ O fSi ® SI ^ 5 (07 (b) 

) o ■ 

[ 0 0 5 1 ] 

i^fC. S iO2fli204±CDCuli 209 *5 j;tfTa/TaNM208^CMPfCj;DI5* 
i/ :i ^ in if . ,M7j<U>'X^iiT. B T A ?§Jgfi: J; ^SStBMa^ff a o iin <fc 0 
. Cua®A^BTAgT'K{kR5ltMa^n/c^l(Di3^BE3|iA^JKfi!c$n5 (07 (c) ) 
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T o r r Ji( T « * TM PeS @ a . M S ^ o ^ P> (C . B T A Jl ^ S ft . S i H 4 
XgitMlO-SOOsccm. N2v9"X!5Sa5000sccm. 5!laff:;^]20Torri-X 
TO^ftT-^1 (Dill!tESStC2 4 O^^iiMffl^tTl/^. ^>'J3>@ir§H2 5 O^Jgfiic-r?) 

(0 7 ( d ) ) o 
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M»50nm) ^)lii^^lS1-5o ^(D±fc^2?fES<r)BH*6«MilLTL-Oxll2 1 
S^SOOnmM^P-^iijScb. ^0±fCS i O2K2 1 7^1 00nmJS!cMr§<,.O-:5V^ 40 
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7*Fbt>~Xh2 1 4. S*fK±ll225 j3j;t>*bi/'XFSa^lt*-r§o 
[ 0 0 5 5 ] 
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1 9 ^ ff^ ;S -r 5 ( 0 9 ( g ) ) „ 50 
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1 6 . *3<]; SWKlhM 2 2 5 ^J^y '^'Xh y ^^~mt ^ §,S i C NM 2 1 3 t Tx 
y^y^'t^o 7-^ '>>^*^tTV^. ^ 2 «BH^ffl©7 bv'X h 2 1 8 <fc ilf 
S«IW±^2 2 5^I^SL. x>y9^>^/tc<fct)lfT^OS i CNM2 1 l^^ltStSo 
tc. iJilfStc J; ?)X7 ^>^f?ia^ltS-r§ (09 (h) )o 
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[ 0 0 5 8 ] 

:ki^. m I (DmmmmtmmizLr. y a.'ymmm. m7i<v y xis b t ak ^^m-k 
mm^n Tc'ik. BiAw^itaLSiH^^MM-rso ^ nic ^ y) ^ mm z z 3 is i^tf 
y V y mm m 2 5 0 fy^ r£ :^ ±mmm 2 6 0 ^ m j& L im i 0 (j) ) . ^otg. cu 
fi£ti(i»ihMtLTs i cNm 2 2 2 ^mm5 0 nmmmL. mttmm^mis.t ^ (010 
(k) ) o neon, yv^ymmit. mmo^mmvm'i.m < . ^misiincj^t^o ic-Dtir 

ffi < * o T v> § o 
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^mmmmit. yy ^'ji^'-^ yymmn-mmmmiz^^m^mmLrcmTh^o mi 1 
mm It. -rmmmz 5 5 tf^y v :=iy^mmfy if 2 2 8?ry>LT±«Ei^2 7 ofcs^^ 

[ 0 0 6 0 ] 

T»E^2 5 5 limmmicm^-^ nrcM^i^mif ^tir^^^o ^ojfgpa. *«i*s« ( 
^m^^) ±icis.m-^nrcTm^mm2 0 1 . siCNii 2 0 2 , l - 0 x ^ 2 0 3 *5 j;t>" 
s iO2M2 0 4 A^6*§a»ji{cjgfig^nTv^So Tmmm2 5 5 (omm tmmuT a 
/ T a N m 2 q 8 KMt) nri^ ^ c 

[ 0 0 6 1 ] 

i/Un>-&Wffly^^" 228 a. Si02M204±OSiCN)l21 lfc'<tt>*Si02 

m2 1 2 p. 5 » g K fig $ n fc ?L gi5 8s ?. n T § o ^ o ?l gp © tj e e a a x 

a/TaNBi226lC«titlT(/^§o 
[ 0 0 6 2 ] 

± ii SB 2 7 0 « ^ M ^ tl gMC S 6 n T (.^ § o ^- <D » gMi . S i C N H 2 

1 3>L-OxK2 1 6fc'J;tfS i 0 2 M2 1 7 6 « -§> MS M tC ^ ^ n T S o ±Ji 

gB«2 7. 0(DffllJffi^;jS®{iT a/T aNM2 2 OfcStJn, ±SES2 7 0©±ffilCtiS 
i C NJK 2 2 2 *^Jg^^nTV^5o 
[ 0 0 6 3 ] 

[ 0 0 6 4 ] 

mi 2~iai 5a*^ssff^Sstc^s^»<*SM<DSiiis^^i-»fffigi-r?fe5o 

[ 0 0 6 5 ] 

*^Sftff^alT-{i. S-r^H®*i6icDJg^,^|BHitc LTTMi2S 2 5 5 ST-ff^j^-r §o ii« 
[ 0 0 6 6 ] 

i^tC. IIHO^SSOJgMi:|BI«lcLTS i CN)12 1 1. «H*6i^MT-feSS i O2M2 
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[ 0 0 6 7 ] 
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. 7*hUy^5 7i'-R«^ffllVT. tfTfflb>'Xh^'?^?->2 15^J^fi!c-r§ (HI 

2 (b) ) o 
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[ 0 0 6 9 ] 

^-Om. X/^ >y ^ U > ^"ffitC ^ 0 . HIP 3 0 n m(D T a / T a NJl 2 2 6 ^figM L. CO 
±{Ci^-FfflOCuM C^H*) ^m^Lfz^. mmy^ y ^mici: 10 C um 2 2 7 7 0 
OnmfigML. lfT/^^->{cai6iit?o ^Ott. ^ ^sit(D fcl^ IC 4 0 0 V (Ommm^ '^7 

9 (0 1 3 ( e ) ) „ 10 
[ 0 0 7 0 ] 

'^tc. S i 02^2 1 2±<7)CuM22 7fc'J;tfTa/TaN)l226^CMPtCj;0lt 
SL. ^>i'i7^5!ia, M7j< U >XS!lS^Sfc:^. B T A ^ ?S tc J; § g S M S {c J; 0 C u « 

ffi*^B T Amr'mitm±mm-snrzm\£7^^ ^^BiS^t ?> cii i 3 c f ) ) „ 

[ 0 0 7 1 ] 

iJiCtc. ll3|liiOJfffiT'TBSEi^2 5 5 ^ B^L km t m \:'Xmici: *) V =i > mf 
"7 ^ 2 2 8^Bl^h. m2(0C u^mmitmtLX S l CN)12 1 3^50nm^M-r§ 

(HIS ( g ) ) o 
[ 0 0 7 2 ] 

yK\^. m 2 (Dmf^mmmhi.x L - 0 xm2 i e^soonm m.^ ■ ^©±tcs 20 

i02Bi2 1 7*1 OOnm/iStM-rSo J^C. SWKlhM225i;7*FUi?XF2 1 8 
7 ^ h U y ^"^ 7 ^ -K«*fflV^T. 7 * h F 2 1 8 (C ^ 2 SBB^ffl U 

i>'Xh/1^->2 1 g^ff^^fS (01 4 (h) ) o 
[ 0 0 7 3 ] 

i^t. 7;tFlxv>-XF2 18^TX^'lCLT. ll2^E^<7)»Pail6i^)lT'fe5Sl02^ 

2 1 7tL-Oxm2 1 6^x>yg^>i^-r5c i^lil. 7-y>'>'^''lC<t?J7;tFU'>'XF2 
1 8 tK^m±m 2 2 5 ^m^-r^o ^AKs ^fflX-y^/^y^/^CJ;!?, m2<iDCuffiiScg5 
±«OS i CNM2 1 S^^g-rSo mmmic :x: =^ y '^mm^^^t ^ (0 

14 ( i ) ) „ 

[ 0 0 7 4 ] 30 

^com. X/^ -y ^ U > ^"ffitc J; 19 . T a / T a N M 2 2 0 * 3 0 n m M t . Ta/Ta 
Nm2 2 0(D±l,Czy-¥m(DCum (^0/T^) *1 OOnmfigSi-rSo i^tc. mB?^ y ^ 
atCj;DCul3i22 1*700nmJ?g^L. :^^V^T-CMP(cj;0. ±g|5iE|g*ff$)?g-rSo 

(D mm ^ fmmt o ncommic^^ . mmmicm^ur'&?, b t Att'^nmt i 4 cj 

) ) c 

[ 0 0 7 5 ] 

, T M IB 2 5 5 J; tf U 3 > -g- W ii 7° -7 2 2 8 © Jj)e X g i: 111 « t L T . B T 

A ® S i H 4 *Be,«-r § C t J; 0 ±^ES 2 7 0 ^Jgfig L (0 1 5 ( k ) ) 40 

. C u Wl^^m ±m t LX S i CNBi2 2 2?rM/¥50nm1:-fiicM-r§ (01 5 (1) ) „ 

±iiE^2 7oct3©>/U3>jiia(i, iB«affiT«tia<. Sffi^^iRitciPiA^atconrffi 

[ 0 0 7 6 ] 

[ 0 0 7 7 ] 

^etc. iyy ^']V^''^iyymm^umLx\.^^tc^. ^7 h±.mm.W(D 

P^tc/^U 7^ ^?;PM>{)^:n-ft-r5«3fii::&§/cJ6. X F b X ^ b - i/ 3 > j» tt ^ ± t 50 
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[ 0 0 7 8 ] 

jx±. mm(ommicm'^h^r :$^^m^mmLrci3^. cne-tiw^T^o^ •?-<D«^-^yn 

[ 0 0 7 9 ] 

, L-0 xm(D-^7.i^mmmtLr s i 0 2 m^m^-^r\.^^tK l - o x t(Dx.y 

mmmcmti. 7 -y -> > ^■"*5<i: tf X -y hijii?g{c*t-r 5 ifttA^atiT v^na\ S i 

. s i c NM. t3<tt;s i 0 c ^~©ie«^^ffli/^T ^ e.ic. fg^«*«p^s6 lo 

«MtLTL-Ox^ffl!.^TV^;g>*^ SiOF«, SiOCM. fc'<ttfW«IM*HO^ S 

i 0 2 Mi D tkM^^AMfti^^ieiSKT-^nff cfc v^o 

[0 0 8 0 ] 

±mmm(Dmm-eitmMm^m^^r!itK SHU^'tcAu Ag c^) , w 

. Mg ( -7 -J' A ) . Be V ^L.) . Z n (ffiiB) , P c (A^v'-i/A) . C 

d (* K 5 -i? A) . A u (^) . H g (7j<^) \ P t (6^) . Z r (v?;]/^:::^ A) . 
Ti (^^y). Sn (XX). Ni C^-y-^-;!/), Nd (*;i-i/"'i7A)43j;tfFe (gfe 

[ 0 0 81] 20 
* fc ± IB II ffi © ff^ il « A ij 7 ^ ;l/ T a / T a N ^ ^ ffl M U 7 ^ ^ ;l' « . T 

i . T i N . T i S i N . T a . T a N . *3 J: tf T a S i N © 5 "fe * < i: fe-oSf S 

[ 0 0 8 2 ] 
[ 0 0 8 3 ] 

0 unm-t. 0 13 (f) <D©i5§T'e7©«ffi5!iffi^jiafTV^. ^(d^. iy^y^mt^ 

ife] ± ? -tJ: § cl i: 1? # § o 
[ 0 0 8 4 ] 
[SSII^IJ] 

^ifS^d 1 

U n>»ffi±tc^ >y4^ffi}C j; f)ilM^je^L..^<D^. 7 - ;!/ , 'y^'i/KMS, M7i< 
U>XioJ;tfBTA V h U 7 V-;l/) Jaa^ffofco ± (0 M ffl ^ o fc S M ^ S 

SffflKt. ^©--Q^^KSl tt^o 
[ 0 0 8 5 ] 

^ec. K^»H«T. ±sBfflflilC>i'^LT3 5 0''C~4 0 0 °CtC#gbTBTA^jffg^. 

^(om. y iy^y^mML. mnz^mrzo i^^ymmm^a. s i a"x^« 4o 

10~500sccm. N2:^X?^«100~1000s.ccm. mmmtl 2 0 7 o r r . 
[ 0 0 8 6 ] 

ttz. M^nmuT. ± le ^^tc^ftrs 5o°c~4 oo'C}c#aLTBTA^»ii^-y: 
fc'ik. 7 y^-T-fy x-^mm^n-ofcm. / z^^^ y^m^L. uus ^mrco t y^ 

-77°^X~vffiS*ff{i. 7 ^7 5 0 ~ 5 0 0 seem. RF/^7-50W-300W. 
Mffl^P^ 5-30 sec^ L /Co t / >- 7 ^OS^tt « . S i H ^ iS T.'fkm 1 0- 5 0 0 seem 
V MS^PbI 1.0 0 seet L /c o 
[ 0 0 8 7 ] 

l# & n IS 8 tc o T m ^ ^ 0 St «T ^ o /c o la 1 6 ~ S 1 8 ti . K S 1 ~ 3 iS L 50 
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ttn I s z ■ . 10 
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un 3 

Cus S i il ^ H^B ( /S -M n S « ifi ) a=6 . 2;*- > X h n - 
[ 0 0 8 9 ] 

« L ff « L fc o 
[ 0 0 9 0 ] 

(i)m=:(D'mm(Dmmtmm(oyjm-u'ii^mLrci>co, ts©m 1 saiSfcc};y~±scDM 2 @h 20 
m(D^^^. mmm 1 cottuz't^micL-zmmLt^o 

[ 0 0 91] 

.lE^*5ci;t;±«©M2Bai^oaS^. *S(it?iJl(DKif5t3^:ll«li:LT5!iaLfco 
[0092] 

[ 0 0 9 3 ] 

<i(D 2 mmmmmi,i. e79"x->tcfctsti§t©-e$.o. 5073*01:^7^^ ^■o±gi5 30 

fc' J; t)= T SMC K e. n /c SB ^: 5 S S o SB « J; 15 e 7 a t/^ -fn t> S ?> ^ -§> c if 7 f- 
X - > O S g[5 2 t jsff ^ (D m EE ^ En ijp r 5 C (c j; D . «D BE H <t r>° If 7 sb^ 6 * S 

nfc^^<y :/tc±fBe7^x->^}gfigL. #tr7^x-><Dffimffl^S'J^L/tc iJ^ffl 

L fc 9^ -y ,S i6 § fiJ^ ^ If 7 *S D t L fc o 
[ 0 0 9 4 ] 

^ F^ff^JjSc L/C ^>cD{ctt-^, t) 3b^[p!± bfco 40 
[ 0 0 9 5 ] 

mmm 3 

[ 0 0 9 6 ] 

[fS0^©»«] 

J^:( ± 155 b /c 9 * 18 J; n a\ x b ^ F n -v 1' i^" - 3 > it ft ^5 v^i X F b X 
•7^^-l^-i/3>Htt;Sr;^tifc2j[#b/c&SBES^«x.S^)i»|*:SM^Mft-r§<li:*^T- 
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